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This work shows that a strongly correlated phase which is gapped to collective spin excitations but
gapless to charge fluctuations emerges as a universal feature in one-dimensional fermionic systems
obeying certain discrete symmetries whenever one pair of spin-degenerate subbands is occupied and
an arbitrarily weak spin-orbit interaction is present. This general result is independent of the details
of the one-dimensional confinement, the fermionic spin or nature of the spin-orbit interaction. In
narrow-gap semiconductors, this gap may be of order 10 µeV. This strongly correlated phase may
be identified both via an anomalous h/2e flux periodicity in Aharonov-Bohm oscillations and 2e
periodic Coulomb blockade, features which reflect the existence of fermionic pairing despite the
absence of superconductivity and the repulsive nature of the interaction.
I. INTRODUCTION
Interacting fermions confined to one dimension (1D)
are paradigmatic examples of strongly correlated sys-
tems, displaying properties such as interaction-dependent
critical exponents and spin-charge separation. The cel-
ebrated Luttinger liquid, which first appeared in mod-
els without backscattering, possesses a gapless spec-
trum of bosonic excitations1–3. For spinful systems with
backscattering, however, the ground state was shown
by Luther and Emery to depend on the sign of the
interaction4. When spin rotational symmetry is present,
Luttinger liquid properties are maintained for repulsive
interactions, while for attractive interactions, a new cor-
related state arises which is gapped to spin excitations
but gapless to excitations of the total charge. Whereas
Luttinger liquid properties are extremely challenging to
identify in experiment, the predicted experimental signa-
tures of the Luther-Emery phase are striking. The spin
gap manifests as a vanishing of the single particle density
of states at low energies5, a flux periodicity of 2e indica-
tive of fermionic pairing6, and vanishing backscattering
from impurities at the Fermi level7. These characteris-
tics, which bear remarkable similarities with the super-
conducting state appear nevertheless in the absence of
superconducting order.
A number of previous studies have demonstrated that
the spin-gapped phase may be realized in the presence
of purely repulsive electron-electron interactions in cer-
tain multiband systems8–13 as well as Dirac semimen-
tal nanowires with an external magnetic field14. In this
work, we will study an analogous situation in which the
spin gap is induced by the spin-orbit interaction in two-
band systems interacting via Coulomb repulsion, and
emerges as a universal feature regardless of the specific
model as long as long as certain discrete symmetries are
obeyed.
A concrete physical setup involving a hexagonal wire
which serves as an example of the general theorem we
will derive is shown in Fig. 1. The top two panels
show free-standing hexagonal nanowires screened by ei-
ther (left) two symmetrically placed conducting planes
FIG. 1. Examples of possible geometries for screening of the
nanowire: (left) two planes symmetrically placed around the
wire, and (right) a single conductor enclosing the wire.
or (right) a single conductor enclosing the wire. Such
systems exhibit spatial inversion symmetry by design.
By contrast, previous theoretical studies on interacting
nanowires with Rashba spin-orbit coupling have exclu-
sively focused on the situation in which inversion symme-
try is broken, focusing on Luttinger-liquid behaviour15–17
or interaction effects associated with partial gapping of
the single-particle dispersion in the presence of an exter-
nal magnetic field18–20, while one previous study showed
that the Luther-Emery state could be realized above a
critical interaction strength21. In a common physical
setup, one facet of the nanowire is contacted directly to
a two-dimensional interface giving rise to a strong uni-
directional electric field penetrating part of the surface.
Alternatively, inversion asymmetry may arise if the wire
is partially coated with a metal. These situations may be
contrasted with an inversion symmetric setup in which
the electric field at the surface of a free-standing core-
shell nanowire points radially over the entire surface of
the wire in a symmetric fashion. The difference between
these physical setups is illustrated in the top panels of
Fig. 2. The interaction effects differ significantly in the
two cases due to the structure of the single-particle wave-
functions and dispersion, which are shown in the lower
panels of Fig. 2 for the lowest 1D subbands. In the sym-
metric case (shown left), the single particle dispersion
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2FIG. 2. The single-electron dispersion for (left) inversion sym-
metric and (right) asymmetric setups, with the top figures
showing the cross-sectional view of the nanowire. In the left
setup the nanowire rests directly on a substrate, while on the
right it is fully surounded by a single material. The green
arrows show the direction of the electric field (left) symmet-
rically radiating away from the core of the wire and (right) at
the contact between a nanowire and a 2D plane.
possesses a twofold degeneracy, ↑(k) = ↓(k) which is
lifted when inversion symmetry is broken (shown right).
One specific model corresponding to the case shown in
the left panels of Fig. 2 is defined by the Hamiltonian
(choosing coordinates so that x points along the wire
axis)
H0(r,p,S) =
p2x + p
2
⊥
2m
+ V (r⊥) + λR∇V × p · S︸ ︷︷ ︸
HSO
, (1)
where the first term represents the kinetic energy and the
second term is the hexagonal 1D confining potential, with
r⊥ being the coordinate vector in the plane perpendicular
to the wire axis. The final term is the spin-orbit inter-
action, parametrized by the Rashba interaction strength
λR, which generates a locally varying spin polarization
(or spin texture) which winds around the cross section of
the wire. The single-particle Hamiltonian is manifestly
symmetric under the operator P of spatial inversion,
(x, y, z) → (−x,−y,−z), (px, py, pz) → (−px,−py,−pz),
(Sx, Sy, Sz) → (Sx, Sy, Sz). Due to the fact that time-
reversal symmetry is also present, the single particle band
structure is also twofold degenerate, ↑(px) = ↓(px).
This is in contrast to the situation shown in the right
panels of Fig. 2, which violates spatial inversion sym-
metry since V (r⊥) 6= V (−r⊥), leading to a lifting of the
degeneracy, ↑(px) 6= ↓(px).
In this work we consider a general situation in which
three discrete symmetries are present: time-reversal, spa-
tial inversion, and a two-fold combined spin and spatial
rotation about the axis of the wire. Our Renormalization
Group (RG) and bosonization analysis of the interacting
model reveals that an arbitrarily weak spin-orbit inter-
action is sufficient to open a spin gap, regardless of the
geometry of the wire or screening surfaces, the total spin
of the system, or the nature of the spin-orbit interaction
as long as only one pair of degenerate bands is occupied.
The spin gap is a manifestation of the interplay between
the spin texture of the wire and the Coulomb interac-
tion, and exists in the presence of screening by symmet-
ric conducting surfaces of arbitrary geometry. This result
implies that the ground state of any clean semiconductor
nanowire possessing intrinsic spin-orbit coupling exhibits
a spin gap at low densities, as long as the engineering of
the system does not introduce inversion asymmetry.
II. GENERAL SYMMETRY ANALYSIS
Consider a system of fermions confined to 1D which
we may generally describe by a long-wavelength effec-
tive Hamiltonian H =
∫
ψ†(r)H0(r,p,S)ψ(r)d3r+Hint
where the interaction term is
Hint =
1
2
∫
U(r′, r)ψ†(r′)ψ(r′)ψ†(r)ψ(r)d3rd3r′ ,
(2)
where S are the spin operators, the fermionic creation
operators ψ†(r) are 2|S| + 1-component spinors, and
U(r′, r) is the Coulomb interaction which is screened by
conducting surfaces external to the wire. Our analysis en-
compasses both n-type and p-type semiconductor quan-
tum wires: in the former case, we take |S| = 12 , while for
the latter, due to the fact that the valence band states are
formed from p 3
2
orbitals, the spin-orbit interaction must
be described by a four-component spinor (|S| = 32 ) which
combines both the spin and atomic angular momentum
degrees of freedom. We also do not assume that the spin-
orbit interaction is linear in momentum (as in Eq. 1);
in the case of p-type semiconductor wires the Hamilto-
nian may also contain terms which are quadratic in the
spin operators22. In the absence of external magnetic
fields, we may assume that H0 is symmetric under time
reversal (T ). We shall study the case where the Hamil-
tonian is symmetric under both spatial inversion P and
combined spatial and spin rotation by an angle pi about
the wire axis. We may then classify degenerate time-
reversed pairs of single-particle states |k, ↑〉, | − k, ↓〉 via
the momentum k along the nanowire axis and the eigen-
values eiSpi, e−iSpi under the combined spin and spatial
pi-rotation. We may express the single particle wavefunc-
tions in a basis of spin states |s〉 with polarization along
3the wire axis (with |k, ↓〉 = PT |k, ↑〉),
〈r, s|k, ↑〉 = eikxfks(r⊥),
〈r, s|k, ↓〉 = eikxf∗k,−s(r⊥) , (3)
and fks(r⊥) = fks(y, z) are functions of the coordinates
in the cross section, which satisfy
fks(−r⊥) = f−k,s(r⊥) = (−1)S−sfks(r⊥) . (4)
In the following analysis the interaction term in the
Hamiltonian is required to satisfy both translational in-
variance along the wire axis and pi-rotational symmetry
in the cross section. Since the Coulomb interaction is
spatially isotropic these symmetries can only be violated
by the geometry of screening planes near the wire. Two
examples of symmetric arrangements are shown in the
Fig. 1. Alternatively, the system may be screened
only by a remote conducting surface at distance L larger
than both the dimensions of the cross section and the
Fermi wavelength 2pi/kF . In all cases the conducting
surfaces are required to be homogeneous along the wire
direction. For a remote screening plane parallel to the
wire, the Coulomb interaction consists simply of the un-
screened interaction ∝ 1/|r − r′| in addition to the po-
tential due to an image charge at distance 2L from the
wire and is axially isotropic. In the remaining cases the
Coulomb interaction may be expanded in a basis of so-
lutions ϕn,q(r) = ϕn(x, y)e
iqx of the Helmholtz equation
which vanish on the screening surfaces, and the interac-
tion is given by
U(x′, r′⊥, x, r⊥) =
∫ ∑
n
ϕ∗n(r
′
⊥)ϕn(r⊥)
κ2n + q
2
eiq(x−x
′) dq
2pi
,
(5)
where κ2n + q
2 are the eigenvalues of the Laplace opera-
tor. We will choose a basis in which ϕn(r) are real. The
first Born amplitudes 〈f |Hint|i〉 for scattering between
initial and final two particle states |i〉 = |k1α1〉 ⊗ |k2α2〉,
|f〉 = |k3α3〉 ⊗ |k4α4〉 with initial and final momenta
at the Fermi points, |k1| = |k2| = |k3| = |k4| = kF
and α1, α2, α3, α4 =↑, ↓ may be related to the harmon-
ics ϕn and the overlaps of the spinor states χkα(r) =∑
s fks(r)|s〉 via
〈f |Hint|i〉 = Uk3α3,k4α4,k1α1,k2α2
=
∑
n
Fk3α3,k1α1(n)Fk4α4,k2α2(n)
|k3 − k1|2 + κ2n
,
Fkα,k′β(n) =
∫
ϕn(r)χ
†
kα(r)χk′β(r)d
2r , (6)
where r = (y, z) and the inner products are given in
terms of the spin components (3) via (writing χ+kF ,α →
χR,α, χ−kF ,α → χL,α)
χ†RαχRα = χ
†
LαχLα =
∑
s
|fkF ,s|2 ,
χ†LαχRα =
∑
s
(−1)s−S |fkF ,s|2 ,
χ†R↓χR↑ = −χ†L↓χL↑ =
∑
s
fkF ,sfkF ,−s ,
χ†L↓χR↑ = 0 . (7)
The low-energy physics of the interacting system is
determined by interaction processes involving electrons
close to the Fermi level. We will analyze the situation
when only the lowest degenerate pair of bands is occu-
pied, so the only interactions which may become rele-
vant in the infrared limit involve right- and left- mov-
ing particles in the ↑, ↓ spin bands. We introduce an
effective field-theoretical description of the model via chi-
ral one-dimensional fermionic fields associated with each
spin species ψR,α(x), ψL,α(x) and express the interaction
Hamiltonian as Hint =
∫ Hint(x)dx which consists of all
possible scattering processes consistent with the discrete
symmetries and takes the form
Hint = UR↑,R↑,R↑,R↑
2
∑
α
[
n2R,α + n
2
L,α
]
+(UR↑,R↓,R↑,R↓ − UR↑,R↓,R↓,R↑) [nR↑nR↓ + nL↑nL↓]
+(UR↑,L↑,R↑,L↑ − UR↑,L↑,L↑,R↑) [nR↑nL↑ + nR↓nL↓]
+UR↑,L↓,R↑,L↓ [nR↑nL↓ + nR↓nL↑]
+(UR↑,L↓,R↓,L↑ − UR↑,L↓,L↑,R↓)
∑
α
ψ†R,αψ
†
L,−αψL,αψR,−α
+UR↑,L↑,R↓,L↓
∑
α
ψ†R,αψ
†
L,αψL,−αψR,−α (8)
with nRα = ψ
†
R,αψR,α, nLα = ψ
†
L,αψL,α.
In the bosonic mapping23 we introduce fields θi, φi
associated with long-wavelength fluctuations of the to-
tal and relative band densities n↑ + n↓, n↑ − n↓ which
we refer to as charge and spin densities respectively.
We obtain the bosonized Hamiltonian from (8) via the
operator substitutions ψR,α =
√
Λ
vF
e
i
2 (φρ+θρ+αφσ+αθσ),
ψL,α =
√
Λ
vF
e
i
2 (φρ−θρ+αφσ−αθσ) with α = +1,−1 corre-
sponding to ↑, ↓ respectively, and Λ is a UV cutoff which
we may consider to be the running RG energy scale. The
spin modes are described by a Sine-Gordon theory while
the charge modes are massless and the Hamiltonian den-
sity of the bosonized theory has the form
H = vρ
8piKρ
(∂xφρ)
2 +
Kρvρ
8pi
(∂xθρ)
2
+
vσ
8piKσ
(∂xφσ)
2 +
Kσvσ
8pi
(∂xθσ)
2
+2g cos
√
2φσ + 2g
′ cos
√
2θσ , (9)
4with the parameters vρ, vσ,Kρ,Kσ related to the coeffi-
cients of the interaction terms in (8) involving the density
operators nRα, nLα while g and g
′ are proportional to the
prefactors of the final two terms in (8).
The spin and charge sectors are decoupled as a re-
sult of the combined time reversal and inversion sym-
metry. While Hρ is harmonic, Hσ contains competing
interactions cos
√
2φσ, cos
√
2θσ originating from pro-
cesses in (8) of the form ψ†↑ψ
†
↓ψ↑ψ↓ and ψ
†
↑ψ
†
↑ψ↓ψ↓ re-
spectively, which one might expect to generate several
possible interacting phases depending on the values of
the parameters Kσ, g, g
′. However, the symmetries of the
three-dimensional spin texture associated with the spinor
wavefunctions χkα(y, z) =
∑
s fks(y, z)|s〉 in combination
with the repulsive nature of the Coulomb interaction will
enforce strict relations between the values of these param-
eters, resulting in universal low-energy properties. This
situation persists in the presence of screening by sym-
metrically arranged conductors (Fig. 1). Excitations of
φσ will always be gapped and the ground state contains
a nonvanishing expectation value 〈cos√2φσ〉 6= 0.
The proof of this theorem proceeds straightforwardly
from the relations between dimensionless interaction
parameters of the bosonic theory and the first-order
fermionic scattering amplitudes. We have
Kσ =
√
1 + Γˆσ − Γσ
1 + Γˆσ + Γσ
,
Γˆσ =
UR↑,R↓,R↓,R↑
2pivF
, Γσ = −UR↑,L↑,L↑,R↑
2pivF
, (10)
and (6,7) imply Γσ < 0 and Kσ > 1. The interaction
proportional to g′ arises from scattering processes of the
form ψ†↑ψ
†
↑ψ↓ψ↓ + h.c. and is given by
g′ =
UR↑,L↑,R↓,L↓
2pivF
=
1
2pivF
∑
n
FR↑,R↓(n)FL↑,L↓(n)
κ2n
(11)
while the interaction g arises from the sum of inter-
fering forward and backward scattering processes g =
UR↑,L↓,R↓,L↑−UR↑,L↓,L↑,R↓
2pivF
=
UR↑,L↓,R↓,L↑
2pivF
+ Γσ, so
g − Γσ = 1
2pivF
∑
n
F ∗R↓,R↑(n)FL↓,L↑(n)
κ2n
< 0 , (12)
and the inequality follows from the fact that the local
overlap of spinor states χ†L↓(r)χL↑(r) = −χ†R↓(r)χR↑(r)
is odd under both inversions of the spatial coordinate
r → −r and longitudinal momentum, L↔ R (7), a result
of the winding of the spin texture in the cross section
of the wire. The summation in (12) is performed over
terms which are real and negative, while in general the
summand in the expression for g′ (11) is complex, so that
we have strictly |g′| ≤ |g − Γσ|.
The scaling relations for the couplings to second order
0 1 2 3 4 5
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0
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FIG. 3. The RG flow of the couplings Γ˜ = Γσ/
√|g0g′0|, g˜ =
|g|/√|g0g′0|.
are given by
dg
dl
= 2Γσg,
dg′
dl
= −2Γσg′,
dΓσ
dl
= 2(g2 − (g′)2), (13)
with l = ln(Λ/µ) where Λ ≈ EF is the UV cutoff and µ is
an energy scale which runs toward the infrared limit. If
either the interactions g, g′ are initially zero, they remain
zero under the RG flow. This situation occurs, for exam-
ple, when the nanowire possesses an additional rotational
symmetry whose selection rules forbid interactions of the
form ψ†↑ψ
†
↑ψ↓ψ↓ and therefore g
′ = 0. In this case the
RG equations may be integrated easily, and the system
is gapped when the bare couplings satisfy |g| > |Γσ|, a
condition which is always fulfilled due to the sign of the
matrix element (12). Solution of (13) then shows that
the system flows to strong coupling at an energy scale
l = l∗, which indicates the presence of a spin gap given
by
∆ = Λe−l
∗
,
l∗ =
1
2
√
g2 − Γ2σ
[
pi
2
+ tan−1
|Γσ|√
g2 − Γ2σ
]
(14)
where Γσ, g represent the bare value of the couplings.
For the case when g′0 6= 0, the RG equations exhibit
a duality relation gg′ = const. = g0g′0, so that the
flow to strong coupling of one of either couplings im-
plies the vanishing of the other. The RG flows of the
couplings g˜ = |g|/√|g0g′0|, Γ˜ = Γσ/√|g0g′0| are plot-
ted in Fig. 3. The phase diagram consists of four re-
gions separated by the dashed lines, with a fixed point
at (g˜, Γ˜) = (1, 0). Comparison of Eqs. (11,12) implies
that |g′| < |g − Γσ| → |Γ˜| < g˜ − 1/g˜′, thus the couplings
(g˜, Γ˜) initially lie above the lower separatrix (dashed line
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FIG. 4. Calculated values of ∆ (14) at values of the density
at the fixed ratio ∆/EF = e
−3 ≈ 1/20, for various values of b,
and plotted as a function of the wire radius R/a0. The values
are: (a) b = 0.8, 1.2, 1.4, 1.5, 1+
√
5
2
≈ 1.618, uniformly increas-
ing with b, (b) b = 1.7, 1.8, 2, 2.2, 2.4, uniformly decreasing
with b, (c) b = −0.4,−0.5,−0.618, uniformly decreasing with
b (bold), (d) b = −0.7,−0.8,−0.9, uniformly increasing with
b. At special values b = 1±
√
5
2
, the gap diverges in the limit of
small wire radius. The curves terminate at values of the wire
radius for which the RG scale l∗ < 3 for all values of the chem-
ical potential below the second pair of degenerate subbands.
These results are independent of material parameters.
in Fig. 3), and flow in the portion of the phase dia-
gram indicated by the blue lines towards strong coupling,
Γσ → +∞, |g| → +∞, g′ → 0. We therefore find that the
spin sector is gapped for both g′ = 0 and g′ 6= 0 and the
ground state develops a nonvanishing expectation value
〈cos√2φσ〉. While this gap may occur generally in mod-
els with appropriately tuned values of the couplings, in
our situation the gap is protected by the symmetry of the
wavefunctions (7) which involves both spin and orbital
degrees of freedom. The gap ultimately arises from the
negative sign of the matrix element (12) which provides
an effective attraction despite the underlying Coulomb
interaction being repulsive.
III. NANOWIRES WITH RASHBA
INTERACTION
The most promising experimental candidates for ob-
servation of the spin gap are free standing hexagonal
nanowires in nanowires in narrow gap superconductors
(e.g. InAs or InSb), which possess a strong intrinsic
spin-orbit interaction. For n-type doping the system is
described by the Hamiltonian (1). For a hexagonal core-
shell wire we may approximate the confining potential
V (r⊥) = φ(|r⊥|) = φ(r⊥) with a circularly symmetric
quantum well which strongly localizes the charge den-
sity at the surface of the wire. The spin-orbit interaction
HSO ∝ φ′(r⊥)L · S conserves the sum of orbital angu-
lar momentum and spin, and thus the eigenstates of the
Hamiltonian possess definite L + S along the direction
of the wire. It follows that, by symmetry considerations,
the states |k, α〉 are of the form
〈r|k, ↑〉 = ϕ(r⊥)eikx
[
cos
ξk
2
|1
2
〉 − i sin ξk
2
eiθ| − 1
2
〉
]
〈r|k, ↓〉 = ϕ(r⊥)eikx
[
cos
ξk
2
| − 1
2
〉+ i sin ξk
2
e−iθ|1
2
〉
]
(15)
where θ the angular coordinate in the cross-sectional
plane and ϕ(r⊥) is a function which vanishes away from
the surface of the wire. Acting on the wavefunction (15)
with the Hamiltonian (1) we find that
ξk =
2kRβ
1
2mR2 + β
(16)
where
β = − λR
2R2
∫
ϕ(r)2φ′(r)rdr , (17)
and the dispersion is given by
(k) =
k2
2m
+
1
2
√
(2βkR)2 + (
1
2mR2
+ β)2 . (18)
For simplicity we may consider the case where the near-
est screening plane is sufficiently far from the wire that
the interaction is isotropic and effectively unscreened
over lengths comparable to the nanowire radius. Then
due to rotational symmetry, g′ = 0. The gap (14) de-
pends on the dimensionless parameter b = 2mR2β, the
Fermi energy as well as the strength of the interaction,
which we may parametrize via the effective Bohr radius
a0 = r/me
2 and Rydberg energy ER = me
4/22r. The
perturbative expression (14) is quantitatively accurate
for ∆  Λ ≈ EF . As the UV scale Λ is increased,
the density of states is reduced, diminishing the expo-
nential factor; (14) rougly predicts a maximum value
∆ < EF e
−2. Fig. 4 shows the value of the gap when
EF is tuned so that l
∗ = 3 at fixed radius R/a0 and lies
below the edge of the upper 1D subbands (thus Λ and ∆
are separated by a factor of e3 ≈ 20 and the perturbative
RG analysis is valid). At fixed R, the gap is maximum
for values b = 1±
√
2
2 and diverges in the limit of small R.
In InAs, the parameters a0 = 35 nm, ER = 1.4meV and
in InSb, a0 = 63 nm, ER = 0.68meV, thus the typical
nanowire radius R ≈ 50 nm is comparable to a0. We
then obtain maximum gaps ∆ ≈ EF /(e3) ≈ 20µeV and
24µeV for values b = 1+
√
5
2 ,
1−√5
2 respectively for InAs,
and ∆ ≈ 9, 12µeV in InSb.
IV. EXPERIMENTAL DETECTION
The existence of a spin gap may be detected via tun-
nelling experiments in a four-nanowire loop setup shown
6FIG. 5. A loop geometry with tunnelling contacts (S,D) for
detection of the spin gap. Four nanowires are arranged in a
planar loop (red). Aharanov-Bohm oscillations of the conduc-
tance will exhibit a h/2e periodicity with respect to the flux
Φ threading the loop. A charge sensor may be used to mea-
sure Coulomb blockade through the device as the density in
the loop is tuned by symmetrically placed gates (not shown)
some distance above and below the plane of the loop.
in Fig. 5. Since tunnelling of single electrons from the
leads will change the spin of the system, this process
is forbidden when the bias is below the gap. To low-
est order, transport through the loop occurs through
co-tunnelling of pairs of electrons with opposite spin,
which is permitted due to the absence of a charge gap.
Thus, when a flux is threaded through the loop, the
zero-bias conductance will exhibit Aharonov-Bohm os-
cillations with period h/2e characteristic of a supercon-
ductor rather than h/e as would occur in a normal metal
or Luttinger liquid. This behaviour is also reminiscent
of the anomalous flux periodicity for Luther-Emery sys-
tems which was demonstrated via finite-size bosonization
in a previous study6. For identical reasons, if the density
in the loop is tuned by gates and the loop sufficiently
small to exhibit Coulomb blockade, charge sensing mea-
surements will exhibit even-odd behaviour characteris-
tic of superconductors, with the Coulomb energy being
EC
2 (N−Ng)2 for even N and EC2 (N−Ng)2+∆ for odd N .
Since the charging energy measured in existing nanowire
systems is generally in the range EC ∼ 10−100 µeV, ob-
servation of a spin gap ∼ 10 µeV is well within the capa-
bility of typical experiments. It should be noted that the
gates must be placed symmetrically around the nanowire
system in order to maintain the spatial symmetry of the
screened two-electron interaction. The geometry also en-
sures the absence of any possible low-energy edge states
which might permit single electron tunnelling.
V. CONCLUSION
The phenomenology of the class of models we have con-
sidered coincides with 1D systems with attractive inter-
actions (e.g. the U < 0 Hubbard model), and originates
from electronic pairing despite the fact that the underly-
ing interactions are repulsive. This behaviour arises in-
stead from the spin texture in the cross-section of the wire
which gives rise to phenomena otherwise expected in 1D
systems with an attractive interaction. We may contrast
the present results with previous studies of interactions in
spin-orbit coupled systems in which inversion symmetry
is lifted and such features are absent15–17,20. This work
shows that extremely similar physical setups in which
the appropriate symmetries are restored will yield the
realization of a peculiar strongly correlated phase with
remarkable observable features.
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